The course of cracking in cherry tomato (Lycopersicon esculentum Mill.) grown in water culture in a glasshouse in relation to the diurnal changes in fruit size and the rate of solute uptake was investigated.
in July, about 83%of the cracking occurred between 4 : 00 and 10 : 00. 2. Diurnal changes in diameters of fully ripe fruits measured by a laser beam sensor system starting at 0 : 00 and during summer and autumn revealed that in summer, 'Sun Cherry Extra' diameters increased from 3 : 00 to 6 : 00, then decreased from 8 : 00 to 14 : 00, after which it again increased gradually during the daytime but sharply after sunset. A similar trend was observed in the autumun with 'Sun Cherry' but to a lesser extent. A rapid increase in fruit diameter coincided with the time of fruit cracking. 3. The diurnal change in solute flow rates through plants of 'Sun Cherry Extra' was investigated using a sap flow system, the flow in the stem and petioles was always directed distally during the day and night cycle; the flow rates in both tissues were much faster during the day than at night. In contrast, the solute in the peduncles flowed proximally during the late morning to evening and distally during the dark period, indicating that solute flow to fruits occurs during the evening and early morning hours.
The results suggest that the rapid expansion of fruit was induced by solute inflow into the fruit during the night to early morning; fruit skin cannot endure the internal pressure, leading to the cracking of the fruit.
Introduciton
Cherry tomatoes grown in water culture frequently crack, decreasing the yield of marketable fruits. Ohta et al. (1991 Ohta et al. ( , 1993 Ohta et al. ( , 1994 demonstrated that high relative humidity and high concentration of nutrient soluiton increased fruit cracking in cherry tomato. Ohta et al. (1995) observed that minute surface fissures occurred on the epidermis around the calyx during the early stage of fruit development were the initial sympton of cracking.
The mechanism of fruit cracking in cherry tomato has not been explained sufficiently, alothough Kamimura et al. (1972) reported that cracking of tomato occurs between 5: 00 and 6: 00, whereas Yamada and Murase (1994) observed that the cherry tomato fruits crack during the night. The exact time of fruit cracking is not clear in these two reports. Just when cracking occurs in cherry tomato may be helpful to a better understanding of the process.
In 'Satonishiki' sweet cherry, fruit cracking coincided with the time of day when fruit size increased (Yamamoto et al., 1990) . In citrus the fruit diameter incresed at night when the water potential of the fruit was high (Elfving and Kaufmann, 1972 fruits cracked during the 10-day period in July.
The course of diurnal fruit cracking (Fig. 3) reveals that some cracking occurred between 0 : 00 and 4 : 00 but 43% of the total fruits cracked between 4 : 00 and 6 : 00. Between 6 00 and 10 : 00, the frequency decreased. Overall, 80% of the cracking took place between 4 : 00 and 9 : 00; after 10 : 00, fruits seldom cracked.
Experiment 2. Diurnal changes in fruit diameter in summer and autumn
The diurnal changes in equatorial diameters of sound fruits in the summer (Fig. 4) (Fig. 7) shows that the rate in the stem was very slow between 0 : 00 and 9 : 00; subsequently, it increased gradually, coresponding to the increase in solar irradiance and air temperature. ning. Yamada and Murase (1994) (Yamamoto et al., 1990) , grape (Imai et al., 1991) and melon (Asakura, 1993) . Likewise, stem diameters increase in the early morning in tomato (Yamada and Kajioka, 1991; Oishi and Ishida, 1994; Oishi and Maeno, 1995) and grape (Imai et al., 1991) when the relative humidity is high and leaf transpiration rate is still low (Ushijima and Tazaki, 1978) . Under these morning hours, the solute flows into the fruits, causing them to expand. Hence, the time of increse of fruit diameter corrsponds to that of maximum solute flow into fruits. Therefore, the change in the rates of solute flow may be the factor causing diurnal fluctuations in the fruit diameter. It is thought that fruit cracking occurs when the extensibility of skin exceeds its maximum elastic limit as a conseqence of internal pressure. Ohta et al. (1994) reported that water potential in cherry tomato fruits was highest at 2 : 00 and lowest at 14 : 00.
Changes in solute flow rates in cherry tomato
